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ABSTRACT
OVERWINTERING OF BROOK TROUT (SALVELINUS FONTINALIS) IN
SEVENMILE CREEK, LAKE SUPERIOR, MICHIGAN, USA

By

Chris R. Gagnon

Winter salmonid studies are becoming more common due to the importance of
this time period on survivorship and the growing concern of climate change. Fish
condition, fish movement, aquatic invertebrate drift, and available habitat were assessed
in Sevenmile Creek, located in Pictured Rocks National Lakeshore, during the winter
months to determine the effects on brook trout. Mean fish condition was shown to
decrease during winters for both 100+ mm BKT (12.7 – 17.6%) and sub-100 mm BKT
(7.9 – 10.6%). Aquatic invertebrate drift decreased during winter, relative to summer, in
both abundance (37.2 - 48.0%) and richness (25.8 – 28.8%). Riffles, runs and pools were
assessed to determine habitat suitability for brook trout. During the summer months,
water velocity and depth remained generally stable; however, during winter months, as
ice formed, water depth fluctuated as much as 49.5% in pools and 16.5% in runs, and
velocity varied up to 23.0% in runs, suggesting a decrease in available suitable habitat for
brook trout in winter. Also, radio-telemetry data suggested post-spawn movements of
brook trout that were followed by a period of relatively little movement through midwinter. The results show that winter is a challenging period for brook trout in this Upper
Peninsula stream and suggests that limitations in habitat availability may play a role in
overwintering success.
i

Copyright by
Chris R. Gagnon
2013

ii

ACKNOWLEDGEMENTS

I thank my advisor Dr. Jill Leonard for all the input and guidance throughout the
writing process, and especially during the field seasons, when some things just didn’t go
as planned. I also thank Dr. Alan Rebertus and Dr. John Bruggink for their support.
I thank all the volunteers who made this possible: dressing warmly, sleeping in
tents, and making this study one I won’t soon forget. Thank you to Julie Howard, Joseph
Gerbyshack, Anna Varian, Jake VanEffen, Amanda Reyes, Claire Kitzman, and Glenn
Gagnon.
Funding was graciously provided from the NMU Excellence in Education
Program, Fred Waara Chapter of Trout Unlimited, and the Leonard Lab.
Thank you Lora Loope for all the coordination and assistance, from permits to
snowmobile access, and also Park Ranger Shawn Hughes for your generosity during the
two winter seasons in the park.
I also thank my parents, Glenn and Peggy, and Rachael Guth. Your ability to
keep me motivated and on track is worth more than you will ever know. And also a big
thank you to my daughter, Krista, who will now have a little more free time with ‘daddy’
and learn how to use that fishing pole.
This thesis is written in the format used in the North American Journal of
Fisheries Management.

iii

TABLE OF CONTENTS

LIST OF TABLES…………………………………………………………………….

v

LIST OF FIGURES……………………………………………………………………

vi

CHAPTER 1: LITERATURE REVIEW………………….…………………………..

1

CHAPTER 2: AN ASSESSMENT OF AVAILABLE BROOK TROUT
(SALVELINUS FONTINALIS) WINTER HABITAT IN SEVENMILE CREEK……
INTRODUCTION…………………………………………………………………..

6
6

METHODS…………………………………………………………………………..

8

RESULTS…………………………………………………………………………… 12
DISCUSSION……………………………………………………………………….

14

CHAPTER 3: CHARACTERIZATION OF AQUATIC INVERTEBRATE DRIFT
AND CONDITION OF BROOK TROUT (SALVELINUS FONTINALIS) DURING
WINTER IN SEVENMILE CREEK………………………………………………… 28
INTRODUCTION…………………………………………………………………... 28
METHODS………………………………………………………………………….. 30
RESULTS…………………………………………………………………………… 35
DISCUSSION……………………………………………………………………….

37

CHAPTER 4: MOVEMENT AND WINTER HABITAT PREFERENCE OF
BROOK TROUT (SALVELINUS FONTINALIS) IN SEVENMILE CREEK……
51
INTRODUCTION…………………………………………………………………... 51
METHODS………………………………………………………………………….. 53
RESULTS…………………………………………………………………………… 56
DISCUSSION……………………………………………………………………….

57

CHAPTER 5: CONCLUSIONS………………………………………………………. 60
REFERENCE LIST…………………………………………………………………… 63
APPENDIX……………………………………………………………………………
iv

68

LIST OF TABLES

TABLE 2.1: Guidelines for habitat classification, described by the Vermont Agency
of Natural Resources………………………………………………………………...

17

TABLE 2.2: Slope (%) and velocity (m3/s) measurements for the lower, middle and
upper sections of Sevenmile Creek………………………………………………….

18

TABLE 2.3: Regression analysis, variables effecting the formation of ice…………...

19

v

LIST OF FIGURES

FIGURE 2.1: Map of Upper Peninsula, showing location of Sevenmile Creek……..

20

FIGURE 2.2: Photograph showing techniques of habitat measurements……………..

21

FIGURE 2.3: Water velocity and depth for runs, riffles, and pools during the winter
months (October 2009 –April 2010)……………………………………………….

22

FIGURE 2.4: Bar graph showing water velocity, depth and ice thickness for runs
riffles and pools during the winter months………………………………………….. 23
FIGURE 2.5: Water velocity for individual habitat transects throughout winter……..

24

FIGURE 2.6: Water depth for individual habitat transects throughout winter………..

25

FIGURE 2.7: Water velocity and depth for riffles, runs, and pools, including
summer habitat data………………………………………………………………...

26

FIGURE 2.8: Photograph of ice shelf that occurred in January 2009………………… 27
FIGURE 3.1: Photograph showing technique used to collect aquatic drift data……… 41
FIGURE 3.2: Fish condition for 100+ mm BKT and sub-100 mm BKT, May 2008 –
April 2010……………………………………………………………………………..

42

FIGURE 3.3: Fish condition for both size-class BKT among three sections of study
area, lower, middle, upper reaches…………………………………………………..

43

FIGURE 3.4: Relative abundance and richness of aquatic invertebrate drift…………

44

FIGURE 3.5: Correlation analysis showing relationship of relative invertebrate
abundance and richness……………………………………………………………...

45

FIGURE 3.6: Relative abundance of Ephemeroptera species………………………… 46
FIGURE 3.7: Relative abundance of Trichoptera species…………………………….

47

FIGURE 3.8: Relative abundance of Diptera species…………………………………

48

FIGURE 3.9: Relative abundance of Plecoptera species……………………………...

49

FIGURE 3.10: Correlation analysis, fish condition and aquatic invertebrate drift…… 50
vi

FIGURE 4.1: Radio-telemetry fish movement data in Sevenmile Creek, October
2009 – February 2010……………………………………………………………….

vii

59

CHAPTER 1: LITERATURE REVIEW

The brook trout (Salvelinus fontinalis) is a member of the Salmonidae family, and
is one of several widely studied charr species, including lake trout (S. namaycush), Dolly
Varden (S. malma) and Arctic char (S. alpines) (Becker 1983). Brook trout are native to
the upper Midwestern United States and eastern Canada, and have been introduced
throughout the western United States, where they are believed to be out-competing native
fish such as cutthroat trout (Oncorhynchus clarki) (Dunham et al. 2002; Peterson et al.
2004).
During the winter months in northern latitudes, the most important change that
salmonids face is the presence of ice (Whalen 1999; Lindstrom and Hubert 2004). Ice
affects migration/movement, available habitat, reproductive success, and overall survival
rates. Ice in a river can be divided into three types: surface ice, frazil ice, and anchor ice.
Anchor ice and frazil ice are unstable and generally detrimental to fish (Lindstrom and
Hubert 2004). Frazil ice forms in areas of highly turbulent flow, where ice crystals form
from freezing air temperatures (Stickler and Alfredson 2009). Frazil ice is recognizable
as ice crystals in the water column. The ice crystals are carried downstream where they
can build up on the bottom substrate, surface ice, or any other barrier to flow (Allard et
al. 2011). Frazil ice can create hanging dams, which may reach to the stream bottom, or
settle on the bottom where anchor ice can form and build up (Lindstrom and Hubert
2004). Anchor ice can also be formed in shallow water riffles, where some of the bottom
substrate is in contact with the air. Anchor ice and frazil ice can build up in large
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amounts, thus filling in suitable habitat that salmonids could utilize (Stickler and
Alfredson 2009).
Studies have shown a need for brook trout, as well as other salmonids, to seek
suitable winter habitat, which includes low-flow velocities and greater water depth, to
decrease energetic costs (Cunjak 1996; Petays et al. 1997; Whalen et al. 1999). The
formation of in-stream ice during the winter has been shown to be either detrimental to
fish populations (de-watering channels or creating unstable habitat) or beneficial (surface
ice acting as cover), often varying in effect between streams of differing size, bottom
substrate, or latitude (Cunjak and Power 1986; Lindstrom and Hubert 2004). Also,
aquatic invertebrate richness has been shown to be lower in winter months, possibly
causing a decreased quality of diet for fish concurrent with decreasing metabolic rate
(Cunjak et al. 1987).
In general, brook trout appear to have two periods of migration within a stream,
spring and fall (Curry et al. 2002). In a large New Brunswick river system, brook trout
migrated upstream after the spring thaw and downstream after reproduction in order to
prepare for overwintering. Between migrations, movement was considerably less,
especially during the mid-summer and mid-winter months (Curry et al. 2002). Brook
trout can travel relatively lengthy distances within streams during the spring and fall
migrations. In the North Ram River, Alberta, brook trout movements averaged 1.0-2.4
km during the fall (downstream) migration into winter habitats, with a maximum of 7.6
km (Cunjak 1996). Fish size did not have an effect on the distance of migration and not
all fish moved downstream during the fall (Cunjak 1996). The presence of preferred
winter habitat near the brook trout’s summer habitat, particularly slow, deep pools such
2

as beaver ponds, may decrease the migration lengths downstream or even create an
upstream migration, if preferred habitat is available upstream or a lack of preferred
habitat is available downstream (Chisholm et al. 1987).
Generally, mid-winter movement of brook trout is minimal, but changes to the
physical environment can induce fish movement, due mainly to shifting ice conditions
and water flow (Jakober and McMahon 1998; Lindstrom and Hubert 2004). Winter
severity has been shown to effect fish movement during the winter months (Cunjak
1996). Streams that remained ice-free most of the season had a higher rate of movement
among brook trout. Streams that remained ice-free typically also had a higher
accumulation of frazil and anchor ice, which can block habitat and alter flow regime.
Surface ice with snow cover had an insulating effect, thus preventing the formation of
sub-surface ice (Whalen et al. 1999).
Brook trout are classified as opportunistic feeders, changing feeding habits and
diet over the season and throughout their lives (Fraser and Bernatchez 2008). It is
common for brook trout to have varying diets in different water bodies. Like other fish
research, studies of salmonid diet and invertebrates have been accomplished primarily in
the open water season (spring-fall) with little attention to the winter months, although
studies are becoming more common that evaluate declining fish condition during the
winter months (Cunjak 1988; Olsson 1981). Brook trout diet consists primarily of
aquatic and terrestrial invertebrates during the open water season, along with occasional
snails, fish, and even larger items such as mice (Fraser and Bernatchez 2008).
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Even with the presence of ice and cold temperatures, drift net sampling has shown
that aquatic insect numbers remain high during the winter months (Cunjak 1996). This is
due to a number of adaptations that aquatic invertebrates have developed, including the
use of naturally produced antifreezes, such as sugars and polyols, and the ability of some
invertebrates to survive by super-cooling their body temperature (Frisbie and Lee 1997;
Olsson 1981). In the Vindelälven River in northern Sweden, Olsson (1981) discovered
several invertebrates, including species from the family Chironomidae and order
Trichoptera, as well as individuals from the phylum Mollusca, that were able to survive
being frozen in ice that formed in the shallow waters of the river. Olsson (1981) found
that survival rates for these invertebrates decreased with the amount of time in the ice,
and survival rates were greater when insects were frozen in anchor ice rather than surface
ice that reached the substrate. The formation of anchor ice may also have an impact on
drift rate, as invertebrate drift rate increased significantly during periods of ice breakup
(Olsson 1981).
Brook trout metabolic rate is determined by water temperature, and it has been
suggested that digestion rates are the limiting factor for brook trout growth during winter
(Huusko et al. 2007; Lindstrom and Hubert 2004). Gastric evacuation rates indicate the
amount of food that a brook trout can process. Throughout summer months, brook trout
have been shown to replenish stomach contents as much as two to three times daily,
whereas rates during the winter months decreased to as little as once every day or two
(Cunjak 1997).
The objectives of this study were to gain an understanding of the role of winter on
brook trout populations in Sevenmile Creek, Pictured Rocks National Lakeshore,
4

Michigan. Of concern was the accumulation of ice and the effects it had on available
habitat, the availability of aquatic invertebrates during winter, and the condition of fish
throughout the winter months. In this study, I tested the following hypotheses: 1) brook
trout will seek out low-flow velocities in the upper reaches of Sevenmile Creek during
the winter months, where a higher percentage of pools are located, 2) fish condition will
decrease throughout the winter months as aquatic invertebrate abundance and richness
decreases, and 3) water velocity, water depth and water temperature will affect the
formation (thickness) of surface ice during the winter months.
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CHAPTER 2: AN ASSESSMENT OF AVAILABLE BROOK TROUT (SALVELINUS
FONTINALIS) WINTER HABITAT IN SEVENMILE CREEK

INTRODUCTION
Very few studies of brook trout (Salvelinus fontinalis) have been conducted with
regard to overwintering habits and movements, and winter habitat
requirements/preferences (Chisholm et al. 1987; Meyer and Gregory 2000). Recently,
winter studies on brook trout, as well as other salmonids, have become more common
due to the recognition of the importance of this time period on survivorship and the
potential for alterations to winter related to climate change (Annear et al. 2002). Some
researchers believe that winter in the northern climates may be the limiting factor for
salmonid populations, and that population dynamic studies should address this period
(Huusko et al. 2007; Lindstrom and Hubert 2004). Most fish studies have been biased
towards the summer months due to the relative ease of stream accessibility and field
studies compared to winter (Chisholm et al. 1987; Cunjak 1996).
The preferred winter habitat for stream brook trout reflects a need to reduce
energetic demands (Cunjak 1996; Whalen et al. 1999). Brook trout are found primarily
where there are sheltered, slow water velocity microhabitats (Gillette et al. 2006; Huusko
et al. 2007). In a lab-controlled study, Enders et al. (2005) showed that fish energetic
costs increased linearly with increased water temperature, velocity, and body mass.
Thus, groundwater inputs and relative depth are important physical habitat features
during the winter months, as groundwater inputs stabilize water temperature and deeper
water typically is associated with lower velocity (Essington et al. 1998; Franssen 2012;
Jones et al. 1996; Lindstrom and Hubert 2004). Large pools and beaver (Castor
6

canadensis) ponds are habitats where brook trout congregate. In a winter brook trout
tagging study by Chisholm et al. (1987) on the Telephone and Nash Fork Creeks,
Wyoming, six of seven fish released were found in beaver ponds within one week of
release. All fish remained in the beaver ponds for the duration of winter.
The most important change that salmonids face in the cold weather months is the
presence of ice (Lindstrom and Hubert 2004; Whalen et al. 1999). Ice affects
migration/movement, available habitat, reproductive success, and overall survival rates.
Ice in a river can be broken into three types: surface ice, frazil ice, and anchor ice.
Anchor ice and frazil ice are unstable and generally considered detrimental to fish
(Lindstrom and Hubert 2004). Habitat loss can be high during the winter months, thus
making habitat limiting for fish (Hawkins et al. 1993; Lindstrom and Hubert 2004;
Milhous 2002). Anchor ice and frazil ice can also be swept downstream and block areas
of the river, dewatering channels or blocking fish movement, and may also scour the
stream channel, dislodging eggs from redds (Stickler and Alfredson 2009). Subsurface
ice also affects water flow. Large amounts of ice can narrow the stream channel and
create higher velocities (Alfredson and Tesaker 1999; Huusko et al. 2007; Lindstrom and
Hubert 2004). Surface ice typically forms in slow velocity water, such as pools and
beaver dams. It has both positive and negative effects on the fish. Surface ice can
become thick and reach the bottom of the stream, or break off and fall into the stream,
having much the same negative effects as anchor and frazil ice. Surface ice is also used
by salmonids as cover, particularly by juvenile fish in shallow water areas (Cunjak and
Power 1986). When heavy snow accumulates upon the surface ice, it can act as an
insulator, preventing ice from becoming thicker (Lindstrom and Hubert 2004).
7

This study focused on assessing habitat variables throughout the winter months,
focusing primarily on the formation of ice and changes in water velocity and depth, with
emphasis on which variables affect the formation of surface ice. Also, data was
compared to summer months to determine if conditions were generally less stable in
Sevenmile Creek during the winter.
METHODS
Winter habitat assessment included sampling from October 2009 – April 2010.
Sampling was scheduled at regular one-month intervals (4 weeks apart) during this time
frame; however, several sampling events were delayed approximately one week due to
poor weather conditions. In order to derive comparisons between winter and summer
habitat, summer (ice-free) data was used from concurrent studies conducted on
Sevenmile Creek (Gerbyshak and Leonard, Northern Michigan University, unpublished
data). These data included velocity, depth, and width across specific transects along the
study site.
Study Site
Sevenmile Creek is located in Pictured Rocks National Lakeshore, which is in the
north-central region of Michigan’s Upper Peninsula (Figure 2.1). The second order
stream is approximately 48 km east of Munising and 25 km west of Grand Marais
(Latitude 46o 36’ 50.2383” N, Longitude 86o 15’ 34.0405” W) . Two small tributaries
flow north into Sevenmile Lake where the main stem originates and flows northnortheast approximately 6 km into Lake Superior. The study site was located from the
mouth to approximately 2100 m upstream, encompassing fourteen 150-m reaches, with
the exception of reach “0”, which is approximately 50-m in length, (it varies as the river
8

mouth shifts over the beach). Each reach is broken into ten transects at 15-m increments.
The thermal regime of the creek is generally cool, and Rybczynski (2005) reported
summer water temperatures in Seven Mile Creek remained relatively stable and below
17oC.
Stream characteristics change abruptly throughout the study site. The substrate
composition of reaches 0-3 consists almost entirely of a gravel/cobble mix, with an
abundance of riffle-pool sequences. The gradient is moderate (2.16 % ± 0.42 slope,
Table 2.2). There is an abundance of streamside vegetation, canopy cover is high, and instream woody debris is limited, although several locations have large build-ups of woody
debris. Reaches 4-7 are ‘transition’ reaches. Bottom composition ranges from
gravel/cobble to sand/silt, and the gradient is low to moderate (0.65 % ± 0.19 slope)
throughout the reaches. Streamside vegetation includes overhanging tag alders (Alnus
serrulata), coniferous foliage, and grasses/sedges. Canopy cover is generally high
throughout the section. Reaches 8-14 are influenced heavily by beaver (Castor
canadensis) activity. The bottom composition is mostly sand and silt, with all reaches
having a low gradient (0.48 % ± 0.19 slope). There are several small areas in these
reaches where gravel/cobble is present. Canopy cover is generally low. In-stream woody
debris is abundant and streamside vegetation includes grasses, sedges, and tag alders.
Several beaver dams exist in these reaches creating small to medium-sized ponds. In
order to facilitate comparisons, the reaches have been designated as lower (0-3), middle
(4-7) and upper (8-14) sections.
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Winter Habitat Assessment
Nine habitat transects were assessed during the winter months, which included
three transects of each stream habitat type: riffle, run, and pool. An attempt was made to
select each habitat in each section; however, due to stream characteristics, this was not
possible (riffles did not exist in the upper section, and pools were uncommon in the lower
section.). Habitat types that were not present in a stream section were selected nearest
the section, either upstream or downstream (e.g. the first pool upstream of the lower
section). Transects were selected by following the stream bed features described by the
Vermont Agency of Natural Resources (2004) guidelines (Table 2.1).
Each of the nine habitat transects consisted of 10 evenly spaced measurement
points along the transect, following Chisholm et al. (1987) (Figure 2.2). Stakes were
placed at the stream’s edge prior to winter assessment to ensure accuracy of repeated
measurements at these points. Each month, measurements collected at each point
included water velocity (m/s), water depth (dm), surface ice thickness (dm), and air gap
thickness (dm, between water and ice). Also, channel width (m, measured where water
was present below ice) and open water width (m) measurements were made. When
surface ice cover was present, water was accessed using an ice spud to create a hole large
enough for equipment to be submerged under water, similar to Peck (1973). Data for two
pool habitat transects (transects 8 and 9) were not collected during February 2010, as
large ice shelves were broken across the transect due to thin ice conditions.
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Comparison with summer data
Data collected for summer (ice-free) months were gathered during the 2009
summer season (May – September). Each of the 15 reaches within the study site was
broken into 10 evenly spaced transects (a total of 150 transects). Three water velocity
(m/s) and water depth (dm) measurements were made at each transect, including the left
1/3 channel, right 1/3 channel, and mid-point of the channel. Channel width (wetted) was
recorded at each transect. We also recorded the classification of habitat for each transect
(riffle, run, pool). In general, most reaches/transects were sampled bi-monthly.
Three winter habitat transects (one of each habitat type: riffle, run, and pool) were
assessed at the same locations where summer data were collected. Each of these summer
transects were sampled three times during the summer months (run and pool habitat
samplings in May, July, and September 2009, riffle habitat samplings in June, August,
and September 2009).
Statistical Analysis
All winter data were analyzed using a two-way ANOVA, analyzing variation of
velocity, water depth and ice thickness among random factors (habitat type and month).
A Tukey post-hoc test was used to further analyze significant outcomes.
A multiple linear regression was used to predict which variables influenced the
formation of surface ice. Variables tested included water depth, water velocity, water
temperature, and stream width, as well as all possible interactions between variables.
These interactions were subsequently removed from the regression model, due to
collinearity or high VIF values.
11

For summer/winter individual transect analysis, two-way ANOVA’s were used to
examine the variation of velocity and water depth. Analysis occurred for three habitat
transects, one for each habitat type (riffle, run and pool), as these transects were assessed
in the same location during both the summer and winter months.
In all tests, alpha level was 0.05.
RESULTS
Winter Habitat
Throughout the winter months (October – April), velocity (p<0.001), depth
(p<0.001), and ice thickness (p=0.027) varied significantly between the three habitat
types (Figure 2.3). A Tukey post-hoc test showed the difference in ice thickness occurred
between riffle and pool habitats (p = 0.019, q = 3.815). Mean ice thickness showed no
significant difference between run and riffle (p = 0.498, q = 1.593) or run and pool
habitats (p = 0.227, q = 3.324). Mean velocity was highest in the riffle habitats (0.52 ±
0.24 m/s) and lowest in the pools (0.15 ± 0.12 m/s). Pools had the highest mean water
depth (5.19 ± 3.21 dm), while depth was least in riffles (1.44 ± 0.47 dm). Ice
measurements were only available during January and February of 2010, but during these
months, mean ice thickness was greatest in pools (13.97 ± 9.47 cm), while riffles (9.45 ±
4.72 cm) and runs (9.65 ± 6.30 cm) were similar and thinner (Figure 2.4).
Throughout the winter months, variation also occurred within each of the habitat
types. Velocity and water depth fluctuated (Figures 2.5 and 2.6) among the runs
(velocity: p < 0.001, F = 170.7, water depth: p < 0.001, F = 69.4) and pools (velocity: p
< 0.001, F = 16.7, water depth: p < 0.001, F = 71.9). In the riffles, variation was
significant for water depth (p < 0.001, F = 69.4), but not for velocity (p = 0.161, F = 1.9).
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In the riffle habitats, the formation of surface ice showed a relationship with both
water velocity (p < 0.001, t = -3.275) and stream width (p = 0.013, t = -2.566) during the
months of December 2009 and January 2010, when surface ice was present. Water depth
and water temperature did not appear to strongly affect ice formation ((Ice Thickness =
31.681 – (9.623 * Velocity) – (3.154 * Depth) – (1.711 * Temperature) – (2.617 * Stream
Width); R2 = 0.265)). In the run habitats, both water depth (p < 0.001, t = -3.769) and
water temperature (p < 0.001, t = -8.651) affected surface ice formation, with little impact
of water velocity and stream width such that Ice Thickness = 9.156 – (4.172 * Velocity) –
(1.592 * Depth) – (9.047 * Temperature) + (0.096 * Stream Width) (R2 = 0.623). The
variables water velocity (p = 0.027, t = -2.546), water temperature (p < 0.001, t = -8.880)
and stream width (p < 0.001, t = 4.627 affected surface ice formation in the pool habitats,
such that Ice Thickness = -9.155 – (17.038 * Velocity) – (0.429 * Depth) – (21.527 *
Temperature) + (1.821 * Stream Width) (R2 = 0.602) (Table 2.3; Figure 2.7).
Summer Habitat/Winter Comparison
Three summer month habitat transects were available for comparison to winter
habitat transects and included one of each habitat type. Each habitat was analyzed across
seasons (summer 2009 and winter 2009/2010) as well as per individual season (including
only summer or winter months), allowing the evaluation of ‘stability’ in a particular
habitat.
The mean velocity of the riffle transect throughout the summer months was 0.67±
0.27 m/s, while the mean water depth was 1.33 ± 0.58 dm. This was a 22.8% increase in
velocity and a 7.2% decrease in water depth relative to winter (Figure 2.8), however this
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was not a significant difference for either velocity (p = 0.739, F = 0.112) or water depth
(p = 0.330, F = 0.961). During the summer, velocity (p = 0.251, F = 1.991) and depth (p
= 0.751, F = 0.308) showed no significant variation among months. Also, no significant
variation existed for velocity (p = 0.621, F = 0.738) or depth (p = 0.374, F = 1.101)
among winter months. This suggests that velocity and depth may not be considered any
more ‘stable’ in summer or winter at this riffle.
Mean velocity and water depth in the run transect throughout the summer months
was 0.15 ± 0.03 m/s and 3.47 ± 0.75 dm. This was a 53.9% decrease and 22.6% increase
relative to winter months. This variation was significantly different for velocity (p <
0.001, F = 34.342), but not depth (p = 0.721, F = 0.129). During the summer months, no
variation was detected for either mean monthly velocity (p = 0.691, F = 0.407) or depth
(p = 0.313, F = 1.575). However, during the winter months, both velocity (p = 0.006, F =
3.458) and depth (p = 0.047, F = 2.305) showed significant variation among months.
This suggests that winter conditions for brook trout were less ‘stable’ when compared to
the relative stability during the summer months at this run.
Mean velocity and water depth in the pool transect throughout the summer
months was 0.25 ± 0.17 m/s and 2.87 ± 0.1.51 dm. This was a 38.71% increase and a
44.75% decrease relative to winter months. Significant differences occurred in velocity
(p = 0.010, F = 7.097) and water depth (p = 0.008, F = 7.396) for the pool between
seasons. During the summer months, no significant variation occurred for either velocity
(p = 0.148, F = 2.300) or depth (p = 0.488, F = 0.863). During the winter, no significant
variation occurred for mean velocity (p = 0.077, F = 2.035) among months, however,
mean depth (p < 0.001, F = 8.332) varied. Again, this may suggest that this particular
14

pool may be less ‘stable’ for brook trout during the winter months based on variation in
water depths.
DISCUSSION
All three habitat features (run, riffle and pool) were relatively ‘stable’ during the
summer months, as water velocity and depth remained relatively constant; however, the
run and pool habitats varied during the winter months, most notably at the run habitat, as
both velocity and depth fluctuated during the winter months. During the winter months,
there is a demand for stable, low-flow velocities and depth for brook trout, as sudden
changes can force brook trout to relocate into other habitats (Cunjak 1996; Petays et al.
1997; Whalen et al. 1999). In Sevenmile Creek, runs and pools have been shown to
fluctuate, with regard to velocity and depth, during the winter months, perhaps causing
brook trout to seek other habitat. As many studies (Biro et al. 2004; Hutchings et al.
1999; Xu et al. 2010) have shown salmonid condition decreasing during winter months,
fish that may have to relocate are more likely to endure undue stress associated with this
movement. Excess movement, and stress, has been shown to lower condition in these
fish.
Ice has variable effects on salmonids, with some researchers suggesting that
streams that remain open (free flowing) are more detrimental to fish, as frazil and anchor
ice tend to form more frequently (Whalen et al. 1999). Sevenmile Creek remained open
in all but one sampling period during the 2009-2010 winter season (January 2010).
Although frazil and anchor ice was not seen at any sampling site, both were observed
near the mouth of the creek. Data were not analyzed during the 2008-2009 winter
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season, but the stream was completely iced over during two months, December 2008 and
January 2009, suggesting substantial interannual variability is likely.
Surface ice has variable effects on salmonids, acting as cover for fish, but also
decreasing habitat, creating ice dams that block/dewater channels, and creating shifts in
water flow (Cunjak and Power 1986; Lindstrom and Hubert 2004). In Sevenmile Creek,
water velocity, temperature and stream width affected ice formation in pools, as well as
water depth and temperature in runs. These data suggest that low-velocity pools (and
deeper runs) will create more surface ice. This ice, particularly in pool habitats, has been
shown to act as cover for salmonids during winter. Not surprisingly, water velocity (as
well as stream width) was the most important variable affecting ice formation in riffle
habitats. Higher velocity riffles typically remain open longer than runs and pools, and
studies have suggested that riffles are the source of frazil ice, which may also lead to
anchor ice downstream (Allard et al. 2011; Stickler and Alfredson 2009). Thus, future
winter stream habitat studies should include locations of riffles throughout the stream and
the effects frazil and/or anchor ice may have downstream.
Relatively large ice dams occurred (but were never observed) in Sevenmile Creek,
during both winter seasons. On several occasions, ice shelves were present upstream of
log jams and were suggestive of ice jams (Figure 2.9). These shelves were as much as
1.5 m above the water level. These types of ice jams have been shown to dewater
downstream channels for a period, and subsequently create a large, downstream surge of
water, creating new flow regimes immediately downstream of the dam (Lindstrom and
Hubert 2004). It is possible that ice jams, and other large flow regime changes created by
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ice, contribute to the high mortality rates that have been observed on some streams during
the winter months (Chisholm et al. 1987; Hunt 2011).
My data suggest winter habitat is less ‘stable’ than that of summer months, with
regard to water velocity and depth. Salmonids must also respond to decreasing water
temperatures, which in turn results in the formation of ice. Ice may form in varying
degrees among streams, thus an understanding of an individual stream’s reaction to the
formation of ice is important in understanding the effects ice has on salmonids.

17

Table 2.1. Guidelines used for habitat classification in Sevenmile Creek, described by
the Vermont Agency of Natural Resources (2004).

Guidelines for stream bed features described by the Vermont Agency of Natural
Resources (2004)
Riffles

Runs

Pools

The sections of the bed with the steepest
slopes and shallowest depths at flows below
bankfull. Riffles typically occur at the cross
over locations and have a poorly defined
thalweg.
Differ from riffles in that depth of flow is
typically greater and slope of the bed is less
than that of riffles. Runs will often have a welldefined thalweg.
Are the deepest locations of the reach. Water
surface slope of pools at below bankfull flows
is near zero. Pools are often located at the
outside of meander bends.
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Table 2.2. Slope and water velocity of the lower, middle and upper sections (showing
reaches) of Sevenmile Creek, Michigan, including standard error. Data was collected
during summer 2009.

Slope (%)

SE

Velocity (m/s)

SE

Lower (0-3)

2.16

0.42

0.73

0.05

Middle (4-7)

0.65

0.19

0.39

0.03

Upper (8-15)

0.48

0.19

0.24

0.02
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Table 2.3. Multiple linear regression analysis for riffles, runs and pools, showing
relationships between ice thickness (y) and variables water velocity, depth, temperature,
and stream width. Table includes regression equation and R2 value for each habitat type.
An asterisk (*) denotes a significant relationship.

RIFFLES

Ice
Thickness
RUNS

Ice
Thickness
POOLS

Ice
Thickness

Ice Thickness = 31.681 – (9.623 * Velocity) – (3.154 * Depth) – (1.711 * Temp) –
(2.617 * Width); R2 = 0.345; p < 0.001
Velocity
Depth
Temperature
Width
P = 0.002*

P = 0.098

P = 0.198

P = 0.013*

Ice Thickness = 9.156 – (4.172 * Velocity) – (1.592 * Depth) – (9.047 * Temp) +
(0.096 * Width); R2 = 0.624; p < 0.001
Width
Velocity
Depth
Temperature
P = 0.108

P < 0.001*

P < 0.001*

P = 0.791

Ice Thickness = -9.155 – (17.038 * Velocity) – (0.429 * Depth) – (21.527 * Temp) +
(1.821 * Width); R2 = 0.753; p < 0.001
Width
Velocity
Depth
Temperature
P = 0.015*

P = 0.179

P < 0.001*
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P < 0.001*

Figure 2.1. Map (Army Corp. of Engineers) representing the Great Lakes Region (top).
The star indicates the approximate location of Sevenmile Creek, located in Pictured
Rocks National Lakeshore (PIRO). Bottom map (MapSource, Inc.) shows the study site
on Sevenmile Creek, including the beginning locations of each reach.
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Figure 2.2. Photograph showing habitat assessment procedure across a winter habitat
transect.
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Figure 2.3. Mean (± SE) water velocity (A) and water depth (B) for riffles, runs, and
pools during the 2009-2010 winter season (Oct. – Apr.). Depth (p < 0.001) and velocity
(p < 0.001) varied among habitats throughout the winter months. Water velocity varied
among months for riffles (p = 0.005), runs (p < 0.001) and pools (p < 0.001), as well as
water depth for riffles (p < 0.001), runs (p = 0.002) and pools (p < 0.001)
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Figure 2.4. Mean (± SE) velocity (m/s), water depth (dm), and ice thickness (cm)
throughout the 2009 – 2010 winter months (Oct. – Apr.) for riffles, runs, and pools.
Significant variation occurred between habitats for velocity (p < 0.001), water depth (p <
0.001), and ice thickness (p = 0.027)
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Figure 2.5. Mean (± SE) water velocity for individual habitats: riffles (A), runs (B) and
pools (C) from October 2009 through April 2010. Variation was significant between
individual runs (p < 0.001) and pools (p < 0.001).
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Figure 2.6. Mean (± SE) water depth for individual habitats: riffles (A), runs (B) and
pools (C) from October 2009 through April 2010. Water depth varied for all individual
habitats (p < 0.001).
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Figure 2.7. Mean (± SE) water velocity and depth for runs (A), riffles (B) and pools (C),
including summer habitat data. Significant variation between seasons occurred for mean
velocity in both runs (p < 0.001) and pools (p = 0.010), as well as mean water depth in
pools (p = 0.008). Shaded area represents summer months.
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Figure 2.8. Ice shelf that formed in January 2009 in Sevenmile Creek. Ice shelves have
been shown to occur up-stream of ice jams, demonstrating temporary flooding that can
have negative impacts on both fish and available habitat. Ice shelves on Seven Mile
Creek were up to approximately 1.5 m above water levels.
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CHAPTER 3: CHARACTERIZING CONDITION OF BROOK TROUT (SALVELINUS
FONTINALIS) AND AQUATIC INVERTEBRATE DRIFT DURING WINTER IN
SEVENMILE CREEK

INTRODUCTION
A growing body of work to assess fish condition throughout the winter months is
available, with a primary focus on the declining amount of lipid from late fall through
early spring (Cunjak et al. 1987). Lipid content declines throughout the winter months
for salmonids, though at different rates for each sex and the season (Biro et al. 2004;
Hutchings et al. 1999; Xu et al. 2010). Interannual variations have also been seen due to
environmental conditions, such as changes in mean water temperature and water
discharge (Cunjak and Power 1986). As the measurement of lipid content typically
requires the sacrifice of fish, calculating fish condition as an alternative to lipid
measurement (e.g. Fulton’s Factor (K)) has become a common surrogate measure
(Cunjak 1988; Hutchings et al. 1999). Hutchings et al. (1999) noticed a steady decline of
brook trout lipids in the Watern Cove River, Newfoundland, from October through April,
with a sharp decline in the early part of winter (post-spawn period) and with differing
losses for males (58%) and females (42%). Cunjak (1988) noted similar results for brook
trout in the Credit River, Ontario, although fish showed a slight increase in fish condition
during the mid-winter months. The early winter declines were attributed to rapidly
declining temperatures and the slight mid-winter increase was attributed to stabilizing
water temperatures. Both studies noted a larger decrease in lipids in mature fish, possibly
due to the energetic expenses of reproduction.
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Brook trout metabolic rate is determined by water temperature, which leads some
biologists to suggest that digestion rates limit brook trout growth during winter (Huusko
et al. 2007; Lindstrom and Hubert 2004). Gastric evacuation rates indicate the amount of
food that a brook trout can process. Throughout summer months, brook trout replenish
stomach contents as much as two to three times daily, whereas rates during the winter
months decreased to as little as once every two days (Cunjak 1996).
Brook trout are classified as opportunistic feeders, changing feeding habits and
diet over the season and throughout their lives (Fraser and Bernatchez 2008). It is
common for brook trout to have varying diets in different water bodies. Like other
salmonid research, salmonid diet and invertebrate studies have been accomplished
primarily in the open water season (spring-fall), with little attention to the winter months,
although studies are becoming more common in trying to explain declining fish
conditions during the winter months (Cunjak et al. 1987; Olsson 1981). Brook trout diet
consists primarily of aquatic and terrestrial invertebrates during the open water season,
along with occasional snails, fish, and even larger items such as mice (Fraser and
Bernatchez 2008). Cunjak et al. (1987) showed brook trout readily consumed
Trichoptera and Ephemeroptera species in the Credit River watershed, as well as lower
densities of Plecoptera and Diptera species. However, a lower quality diet was consumed
during the winter months, due possibly to a shift or change in the abundance or richness
of aquatic invertebrates (Cunjak 1996). Even with the presence of ice and cold
temperatures, drift net sampling has shown that aquatic insect numbers remain relatively
high during the winter months (Cujak 1996). Aquatic invertebrates have developed
adaptations to survive winter conditions, including the use of naturally produced
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antifreezes, such as sugars and polyols, and the ability of some invertebrates to survive by
super-cooling their body temperature (Frisbie and Lee 1997; Olsson 1981). In fact,
Olsson (1981) discovered several species from the family Chironomidae, order
Trichoptera, and phylum Mollusca were able to survive periods of time frozen in ice that
formed in the shallow waters of the Vindelalven River in Northern Sweden.
The purpose of this study was to describe brook trout condition in Seven Mile
Creek throughout two winter seasons, as well as describe the abundance and richness of
aquatic invertebrates during the same time. Also, data collected was used to characterize
the relationship between winter fish condition and invertebrate drift.
METHODS
Assessment of fish condition and aquatic invertebrates included two winter
seasons: November 2008 – April 2009 and October 2009 – April 2010, however, data for
invertebrate drift net sampling was not obtained until January 2009, as sampling methods
were revised from the two previous months. Sampling was scheduled at one-month
intervals during this time frame; however, several sampling events were delayed
approximately one week due to poor weather conditions. For summer/winter
comparisons of fish condition and invertebrate drift, data from previous research was
used for summer (ice-free) months (Gerbyshak, Howard and Leonard, Northern Michigan
University, unpublished data). Data for fish condition were available from October 2003,
although gaps in data occurred, including no data in 2006. Summer drift data was
available during the summer season of 2009 (May – September).
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Study Site
Sevenmile Creek is located in Pictured Rocks National Lakeshore (PIRO), located
in the north-central region of Michigan’s Upper Peninsula. It is located approximately 48
km east of Munising and 25 km west of Grand Marais (Latitude 460 36’ 50.2383” N,
Longitude 860 15’ 34.0405” W). From Sevenmile Lake, near the headwaters, the stream
is approximately 6 km in length. The study site encompasses fourteen 150-m reaches,
with the exception of reach 0, which is approximately 50 m in length, but varies as the
river mouth shifts over the beach. Each reach is broken into ten transects at 15-m
increments. The stream is generally cool, and Rybczynski (2005) showed summer
temperatures remaining relatively stable and below 170 C.
The study site is broken into three sections: lower (reaches 0-3), middle (reaches
4-7) and upper (reaches 8-14). These sections were chosen as stream characteristics
change abruptly throughout the study site. Slope was calculated for each of the sections
(Howard, unpublished data, Table 2.2), and the lower section had the highest gradient
(2.16 % ± 0.42 slope) and the upper section, which consists of many beaver-influenced
pools, had the lowest gradient (0.48 % ± 0.19 slope). The lower reaches consist of many
riffle habitats, and bottom substrate consists mostly of a gravel/cobble mix. Canopy
cover is high, and instream woody debris is limited, although several locations contain
woody debris jams. The upper reach consists of many small to medium sized pools, and
bottom composition consists of sand and silt, although several locations consist of
gravel/cobble. Canopy cover is relatively low, as streamside vegetation is dominated by
tag alders (Alnus serrulata). The middle section is a ‘transition’ area, consisting of
features found in both the lower and upper sections. Several beaver-influenced pools are
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present, as well as some relatively higher-velocity riffles. Sand/silt and gravel/cobble
bottom composition occurs in this section, and canopy cover ranges from high to low.
Fish Condition
During the winter, brook trout condition was determined by electrofishing
sampling. Each month, half of the study site was electroshocked, alternating even/odd
reaches each month. Each reach received the same amount of shock time (12 minutes)
when possible. Due to ice cover, total shock time was not achieved in all reaches each
month, and in several instances (January and February 2009, January 2010),
electroshocking was not attempted in any reach due to complete ice cover or unsafe
conditions. All fish captured during electroshocking events were weighed (nearest 0.1 g),
measured (total length to nearest mm), and returned immediately to water to protect the
fish from harm due to sub-freezing air temperatures.

Fish condition data was available

for non-winter months from previous studies (Gerbyshak and Leonard, unpublished data).
Data was available beginning in summer 2003, although regular, monthly sampling
occurred in the summer months of 2004, 2005, 2008, and 2009. Fall sampling
(September and October) also occurred in 2007; however, no data was collected in 2006.
Electrofishing during these ice-free seasons occurred at selected reaches (similar from
year-to-year) throughout the study site, and therefore fish condition could be segregated
into lower, middle or upper reaches for statistical analysis. Fish measurements (total
length and mass) were measured in the same manner as the winter electrofishing data.
Fish condition was calculated using Fulton’s Factor, according to research done
by Richter et al. (2000) using the equation,
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K = 100,000*(M/L3)
Where K = Fulton’s condition factor, M = mass (grams) and L = length (millimeters).
Condition was calculated for both less than and greater than 100 mm (total length)
fish, as it has been shown that mature and immature fish grow disproportionately, due to
reproductive development (Richter et al. 2000). Fish less than 100 mm are typically age
0, and fish greater than 100 mm are typically age 1 or older (Kusnierz et al. 2009).
Invertebrate Drift
Drift net samples were conducted for two consecutive nights for both winter and
summer months, using six drift nets (C10 nets, 363 um mesh, Wildlife Supply Company,
Yulee, FL) nightly for a total of 12 samples each month. Each night, two nets were
randomly placed in each of the three stream habitat sections (Figure 3.1). Drift samples
were conducted from 0.5 h before to 0.5 h after sunset as this time period has been shown
to be the most likely time for invertebrates to enter the drift, as well as a time when brook
trout actively feed (Flecker 1992). Upon removal of the drift nets, all contents of the nets
were placed in 95% ETOH and returned to the laboratory where invertebrates were
counted and identified to family. When unable to properly identify to family (typically
invertebrates under 2-3 mm), identifications were made to order level, and were also
included in total abundance. Richness was calculated as the number of families present
in the drift.
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Statistical Analysis
All analysis on fish condition and drift were tested using a t-test, one-way
ANOVA, or Pearson’s Correlation. When normality tests failed, Mann-Whitney rank
sum test or Kruskal-Wallis ANOVA on ranks were used, respectively. In all analyses,
the rejection level for null hypotheses tested was α ≤ 0.05.
Fish condition data for brook trout was available beginning in October 2003
through April 2010. However, some months, including all of 2006, were lacking data.
During the winter seasons of ’08-’09 and ’09-’10, three samplings (December ’08,
January ’09 and January ’10) could not be completed due to ice cover. T-tests were used
to determine variation of condition for both 100+ mm and sub-100 mm brook trout
between seasons (winter vs. summer). ANOVA was used to determine variation of
condition factors for 100+ mm brook trout and sub-100mm brook trout between the
summers and winters of ’08 vs. ’09. ANOVA was also used to determine variation of
condition factors for both 100+ mm and sub-100 mm brook trout throughout the three
sections (lower, middle, upper) of the stream. A t-test was used to compare mean
condition factors for both brook trout classes before and after the winter season.
Aquatic invertebrate drift was assessed monthly for relative abundance (total
number of individuals / m3/s / hour) and richness (number of families present). A
Pearson’s correlation was used to determine if a relationship existed between abundance
and richness during this study (including summer months). A Pearson’s Correlation
analysis was again used to determine if a relationship existed between aquatic
invertebrate drift and brook trout condition.
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RESULTS
Fish Condition
From May 2008 – April 2010 (two winter and two summer seasons), mean fish
condition (n = 974) differed significantly between sub-100 mm and 100+ mm brook trout
(p<0.05, q=3.555). Both 100+ mm and sub-100 mm brook trout condition declined from
November until spring break-up, which occurred in April 2009 and March 2010 (fig.
3.2). Through winter 1 (2008-2009), sub-100 mm brook trout condition decreased
10.6%, whereas 100+ mm brook trout decreased 17.6%. Winter 2 (2009-2010) showed
sub-100 mm brook trout condition decreasing 7.9% and 100+ mm brook trout 12.7%.
Both size-classes of brook trout showed a sharp increase in condition following spring
break-up (spring of 2010 occurred one month earlier as the stream was ice-free in March
as opposed to April in 2009). From March 2009 – May 2009, condition increased 24.6%
for sub-100 mm brook trout and 15.2% for 100+ mm brook trout. From February 2010 –
April 2010, condition increased 25.6% for sub-100 mm brook trout and 13.3% for 100+
mm brook trout. Fish condition for both size-class fish remained generally stable from
late spring until spawning season. Sub-100 mm brook trout showed highest condition
factors in July 2008 (0.952 ± 0.054) and May 2009 (0.966 ± 0.068), whereas 100+ mm
brook trout showed highest condition factors in June 2008 (1.063 ± 0.051) and August
2009 (0.978 ± 0.023). Conversely, lowest factors were March 2009 (0.769 ± 0.067) and
February 2010 (0.771 ± 0.077) for sub-100 mm brook trout and March 2009 (0.758 ±
0.032) and February 2010 (0.782 ± 0.054) for 100+ mm brook trout. Mean condition for
sub-100 mm brook trout (p=0.005, U=82.5) differed between summer and winter months,
as well as 100+ mm brook trout (p<0.001, t = -5.911).
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There was no difference in mean condition between the summer of 2008 and
summer 2009 for either sub-100 mm brook trout (p=0.841, H=0.098) or 100+ mm brook
trout (p=0.558, F = 0.373). There was also no difference between the winter seasons for
either sub-100 mm brook trout (p=0.430, F = 0.684) or 100+ mm brook trout (p=0.663, F
= 0.203).
I predicted that brook trout condition would be higher in the upper section (beaver
influenced area) of Sevenmile Creek during winter, however, no significant difference
occurred for either sub-100 mm brook trout (p=0.923, F = 0.080) or 100+ mm brook trout
(p=0.811, F = 0.210) among the lower, middle, and upper sections (Figure 3.3).
Invertebrate Drift
Mean aquatic invertebrate richness (number of families collected per month)
varied (p=0.004, q=5.093) between summer and winter months from December 2008 –
April 2010. Summer months showed a higher number of invertebrate families present
(20.7 ± 1.51), and a peak in August 2009 with 28 families (Figure 3.4). Mean richness in
winter was 14.7 ± 0.93 families per month with a low of 10 in February 2010. Mean
relative aquatic invertebrate abundance between summer and winter months was not
significantly different (p=0.059, H=3.578). Mean relative abundance during the summer
months was 117 ± 24.44 invertebrates/ m3/s / h with a maximum of 230 in August 2010.
Mean relative abundance during the winter months was 69.4 ± 12.67 invertebrates / m3/s /
h with a low of 34 in February 2009. A large increase in relative abundance occurred
during the month of February 2010, as 151 invertebrates / m3/s / h were collected.
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A positive correlation (p<0.001, r = 0.853) was found between invertebrate
abundance and richness (Figure 3.5).
Throughout the study, the order of invertebrates with the most representatives in
the drift was Trichoptera (11), followed by Plecoptera (8), Diptera (6), Ephemeroptera
(5), Odonata (3), Coleoptera (3), Hemiptera (2) and Collembola (1). The invertebrate
family with greatest relative abundance in the drift was Chironomidae, with a mean of
35.69 ± 3.60 individuals / m3/s / h. Other abundant families included Leptophlebiidae
(24.93 ± 4.94), Beatidae (23.93 ± 4.01), Simuliidae (19.01 ± 3.35), Heptageniidae (6.28 ±
1.23), Hydropsychidae (5.32 ± 0.69), Philopotamidae (4.82 ± 0.63), Brachycentridae
(4.10 ± 0.60), Perlodidae (3.39 ± 0.43) and Tipulidae (1.35 ± 0.19) (Figures 3.6 – 3.9).
Condition/Drift Correlation
The prediction that a relationship would exist between fish condition and
invertebrate drift was tested using Spearman’s correlation analysis with the factors: 100+
mm brook trout condition, sub-100 mm brook trout condition, invertebrate richness and
invertebrate abundance (Figure 3.10). There was a significant positive correlation
between 100+ mm brook trout and invertebrate richness (p=0.011, r=0.654). No
significant relationships existed among the other factor combinations.
DISCUSSION
Several studies have shown differing patterns in fish condition between different
age/size salmonids, including brook trout (Biro et al. 2004; Hutchings et al. 1999). My
data show seasonally variable patterns of fish condition for different size fish in
Sevenmile Creek, most notably larger decreases in condition for larger (100+ mm) brook
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trout throughout the winter months. Also, smaller brook trout (sub-100 mm) condition
increased and reached maximum condition earlier in the spring than that of larger fish,
which reached maximum levels during the late summer. Higher condition factors for
larger fish in the later summer can most likely be explained by the production of gametes
in sexually mature fish, as seen in other such studies (Cunjak 1988; Hutchings et al.
1999). The larger decrease throughout the winter for larger brook trout may be due to
energetic expenses during the spawning period lingering though winter, larger energy
expenditures due to associated body size, or decreased availability of preferred diet.
Brook trout condition did not differ between the summers of 2008 and 2009, or
between the winter seasons of 2008-2009 and 2009-2010. During the winter season of
2008-2009, ice was present during a six-month period, November – April, compared to a
four-month period the following winter. Ice conditions have been shown to have
negative or positive impacts on salmonids, though some have argued that a persistent ice
cover over the steam provides a stable environment for fish, providing cover and
lessening the likelihood of ice dams and flow alterations. (Lindstrom and Hubert 2004;
Jakober and McMahon 1998; Whalen et al. 1999). While the winter of 2008-2009
included a lengthier ‘ice’ season, the stream was entirely ice covered during the January
and February sampling periods, whereas the steam was never completely ice covered
during the 2009-2010 winter season. Though the first winter included the presence of ice
for an additional two months compared to the second winter, condition remained
relatively unchanged. The fact that persistent ice cover remained for two months on
Sevenmile creek during winter one may have created a more stable environment, most
likely by allowing fish to remain in suitable habitat during that two month period.
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I predicted that brook trout condition would be higher in the beaver influenced
section of Sevenmile Creek, where numerous pools existed, as studies have shown brook
trout to be attracted to the deeper, low-velocity habitats (Cunjak 1996; Petays et al.
1997). However, in this study, brook trout condition did not differ between the three
sections of the stream. This was interesting as a higher density of brook trout were
typically captured in the upper section throughout both the summer and winter months,
confirming heavy use of this habitat (Gerbyshak, Northern Michigan University,
unpublished data).
The results supported my prediction that aquatic invertebrate richness was lower
in the winter months. This decrease in richness could potentially show less forage
available to brook trout, and/or a lack of preferred prey.
This study somewhat supported my prediction that a decrease in invertebrate drift
would correlate with decreasing fish condition. The correlation between 100+ mm brook
trout and aquatic invertebrate richness may explain some of the variation in fish
condition. Studies have not only suggested preferred diets of brook trout, but also quality
of food that is available to the fish during the winter months (Cunjak et al. 1987; Fraser
and Bernathez 2008). Richness is highest during the mid-summer months, also a time
when terrestrial invertebrates are more readily available, including those with aquatic life
histories. Larger fish showed a lesser increase in condition following spring break-up,
with higher mean conditions into the mid-summer months. An increase in invertebrate
richness during the summer months, including terrestrial invertebrates, may suggest that
larger brook trout forage on specific families of invertebrates, possibly terrestrial, as
shown by Macneale et al. (2009) in an Idaho stream. Conversely, smaller brook trout
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may be less selective following spring break-up, a time when aquatic invertebrates may
also be smaller.
Brook trout in Sevenmile Creek showed similar patterns in regards to condition
for two consecutive years, though winter seasons varied in amount of ice cover, which
many believe to be the greatest impact for fish. Winter has been shown to be a relatively
challenging time period for salmonids, a time when mortality is generally highest
(Annear et al. 2002). This study suggests winter in the northern Upper Peninsula is, in
fact, more challenging than summer, as fish condition decreased throughout two winter
seasons, and the forage species for brook trout were at their lowest levels in the drift.
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Figure 3.1. Drift net sampling that occurred in February 2010 in Sevenmile Creek.
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Figure 3.2. Mean (± SE) condition for both 100+ mm brook trout (A) and sub-100 mm
brook trout (B) from May 2008 – April 2010 in Sevenmile Creek. Shaded area represents
summer months.
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mm brook trout (B) throughout the winter seasons in the three sections of the study site.
Condition did not vary between sections for both 100+ mm brook trout (p = 0.811) and
sub-100 mm trout (p = 0.923).
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Figure 3.4. Aquatic invertebrate drift, December 2008 – April 2010, showing mean
relative abundance (No invertebrates / m3/s / hour) and richness (number of families
present) per month (± SE). Variation between winter and summer seasons occurred for
richness (p = 0.004), however, abundance (p = 0.059) showed no pattern of variation
between seasons. Shaded area represents summer months.
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relationship was shown (p < 0.001).
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Figure 3.6. The three most abundant Ephemeroptera families present in the drift on
Sevenmile Creek from January 2009 – April 2010. Data is shown as number of
individuals per drift net / water volume sampled / one hour sampling period (± SE). Data
is included for Leptophlebiidae (A), Baetidae (B) and Heptageniidae (C). Shaded area
represents summer months.
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Figure 3.7. The three most abundant Trichoptera families present in the drift on
Sevenmile Creek from January 2009 – April 2010. Data is shown as number of
individuals per drift net / water volume sampled / one hour sampling period (± SE). Data
is included for Brachycentridae (A), Hydropsychidae (B) and Philopotamidae (C).
Shaded area represents summer months.
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Figure 3.8. The three most abundant Diptera families present in the drift on Sevenmile
Creek from January 2009 – April 2010. Data is shown as number of individuals per drift
net / water volume sampled / one hour sampling period (± SE). Data is included for
Chironomidae (A), Simuliidae (B) and Tipulidae (C). Shaded area represents summer
months.
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Figure 3.9. The two most abundant Plecoptera families present in the drift on Sevenmile
Creek from January 2009 – April 2010. Data is shown as number of individuals per drift
net / water volume sampled / one hour sampling period (± SE). Data is included for
Chloroperlidae (A) and Perlodidae (B). Shaded area represents summer months.
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Figure 3.10. Pearson’s correlation analysis showing relationship between 100+ mm BKT
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richness (B). A positive relationship was shown for larger brook trout and richness (p =
0.011), though smaller fish showed no relationship to invertebrate richness (p = 0.591).
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CHAPTER 4: MOVEMENT AND HABITAT PREFERENCE OF BROOK TROUT
(SALVELINUS FONTINALIS) DURING THE POST-SPAWN PERIOD IN
SEVENMILE CREEK

INTRODUCTION
Until recently, very few studies have been conducted on overwintering habits,
movements, and habitat requirements / preferences of brook trout (Chisholm et al. 1987;
Meyer and Gregory 2000). Winter studies on brook trout, as well as other salmonids, are
becoming more common due to the importance this time period has on survivorship
(Annear et al. 2002). Many biologists believe that winter in the northern climates is the
limiting factor for salmonid populations, and that population dynamics studies should
address this period (Huusko et al 2007; Lindstrom and Hubert 2004). Most studies are
biased towards the summer months due to the relative ease of stream accessibility and
field studies compared to winter (Chisholm et al. 1987; Cunjak 1996).
Several studies have shown that the winter habitat for stream brook trout includes
the need to reduce energetic demands (Cunjak 1996; Whalen et al. 1999). Brook trout
are found primarily where there are sheltered, slow water velocity microhabitats (Gillette
et al. 2006; Huusko et al. 2007; Petays et al. 1997). In a lab-controlled study, Enders et
al. (2005) found that fish energetic costs increased linearly with increased water
temperature, velocity, and body mass. Thus, groundwater inputs and relative depth are
important physical habitat features, as groundwater inputs stabilize water temperature and
deeper water typically is associated with lower velocity (Essington et al. 1998; Jones et
al. 1996; Lindstrom and Hubert 2004). Large pools and beaver ponds are habitats where
brook trout may congregate. In a winter brook trout tagging study by Chisholm et al.
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(1987) on the Telephone and Nash Fork Creeks, Wyoming, six of seven fish released
were found in beaver ponds within one week of release. All fish remained in the beaver
ponds throughout the duration of winter
In general, brook trout appear to have two periods of migration within a stream,
spring and fall (Curry et al. 2002). In a large New Brunswick river system, brook trout
migrated upstream after the spring thaw and downstream after fall reproduction, likely to
prepare for overwintering. Between migrations, movement was considerably less,
especially during the mid-summer and mid-winter months (Krimmer et al. 2011). Brook
trout have been shown to travel relatively lengthy distances within streams during the
spring and fall migrations (Curry et al. 2001). In the North Ram River, Alberta, brook
trout movements averaged 1.0-2.4 km during the fall (downstream) migration into winter
habitats, with a maximum of 7.6 km (Cunjak 1996). Fish size did not have an effect on
the distance of migration and not all fish were shown to move downstream during the fall
(Cunjak 1996). The presence of preferred winter habitat near the brook trout’s summer
habitat, particularly slow, deep pools such as beaver ponds, may decrease the migration
lengths downstream, or in some cases, create an upstream migration. (Chisholm et al.
1997).
Mid-winter movement has generally been shown to be minimal, but changes to
the physical environment have induced fish movement, due mainly to shifting ice
conditions and water flow (Jakober et al. 1998; Krimmer et al. 2011; Lindstrom and
Hubert 2004). Winter severity has been found to have an effect on fish movement during
the winter months (Cunjak 1996). Streams that remained ice-free most of the season had
a higher rate of movement among brook trout. Streams that remained ice-free typically
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had a higher accumulation of frazil and anchor ice, which can block selected habitat and
alter flow regime (Allard et al 2011; Stickler and Alfredson 2009). Surface ice with snow
cover had an insulating effect, thus preventing the formation of sub-surface ice (Whalen
et al. 1999).
This study was conducted with the purpose of understanding brook trout
movement in Sevenmile Creek, following the spawning season, by the implantation of
acoustic tags. Data were collected to describe movement patterns and determine habitat
use by these fish. Of particular importance was the use of lower velocity, deeper pools,
possibly those in the beaver-influenced sections of the study site.
METHODS
Radio-telemetry sampling occurred from October 2009 – February 2010.
Sampling was scheduled at regular 2 week intervals during this time frame; however,
several sampling events were delayed approximately one week due to poor conditions.
Study Site
Sevenmile Creek is located in Pictured Rock National Lakeshore, a National Park
located in the north-central region of Michigan’s Upper Peninsula (Latitude 46o 36’
50.2383” N, Longitude 86o 15’ 34.0405” W). It is approximately 48 km east of Munising
and 25 km west of Grand Marais, located in between Kingston Lake and Beaver Lake.
The study site is approximately 2100 m in total length, encompassing fourteen 150-m
reaches, with the exception of reach 0 (mouth), which is approximately 50 m in length,
but varies as the river mouth shifts over the beach. The stream remains relatively cool, as
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Rybczynski (2005) showed summer water temperatures remaining generally stable and
below 170 C.
Stream characteristics change abruptly throughout the study site, from a relatively
high gradient (2.16 % ± 0.42 slope), gravel/cobble mix in the lower reaches to a relatively
low gradient (0.48 % ± 0.19 slope), sand/silt bottom structure in the upper reaches. The
reaches were broken into sections according to stream characteristics. The lower reaches
(reaches 0-3) consist of many riffle habitats, canopy cover is high, and in-stream woody
debris is limited, although prevalent in several locations. The upper reaches (8-14)
consist of many pools, many beaver-influenced, canopy cover is low with an abundance
of tag alders (Alnus serrulata), and woody debris is relatively high. The middle reaches
(4-7) are a transition area between the lower and upper reaches, consisting of riffles with
gravel/cobble bottom composition and pools with sand/silt composition. Canopy cover
ranges from low to high throughout the section, and the gradient low to moderate (0.65 %
± 0.19 slope).
Radio Telemetry
Eighteen Lotek nanotags (15 mm, 0.46 g; Lotek, Inc; Newmarket, Ontario,
Canada) were initially implanted into brook trout. Battery life was expected to be 78
days. Fish were captured by electrofishing throughout the study site. Fish greater than
120 mm (approximately 14.0 g) were intended to be tagged, although two fish (102 and
113 mm) were tagged due to low availability of larger fish. Fish ranged in length from
102 – 229 mm (mean 168.9 ± 26.6 mm), and in weight from 10.7 – 94.8 g (mean 41.7 ±
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19.4 g). Tags were orally inserted into the stomach using small forceps and the antenna
was placed to exit through the esophagus and the gill chamber.
Three fish were originally tagged on 9 Oct. 2009, and 15 on 5 Nov. 2009. It was
observed on the next sampling (12 Dec. 2009) that several fish had lost their tags, likely
by regurgitation. These tags were subsequently re-implanted into other fish during
subsequent electrofishing samplings. Thus, 18 fish were initially tagged, and six
recovered tags were re-inserted, for a total of 24 tagged fish. Radio-telemetry signal
acquisition occurred approximately every 2 weeks following the November tagging.
Each sampling included walking the entire study site, starting at the mouth (reach 0)
through reach 15 using radio-telemetry equipment (Lotek SRX 600 telemetry reciver,
Newmarket, Ontario, CA, and Lindsay Specialty Products model 3LTA yagi antenna,
Lindsay, Ontario, CA, with a 164 mhz frequency). When fish were detected, the location
of the fish was recorded.
Habitat data were used from previous research conducted during the summer
season of 2009 (May – October) (Gerbyshak and Leonard, Northern Michigan
University, unpublished data). Each habitat transect throughout the summer was
classified as a riffle, run or pool. Throughout the winter sampling season, fish located
during radio-telemetry sampling were categorized into the appropriate habitat
classification for each detection. It was assumed that habitat classification remained the
same from summer throughout the winter months (i.e. environmental conditions did not
change riffle habitats to a run or pool habitat).
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Statistical analysis
Fish movement data was analyzed using a Chi-square goodness of fit test with an
Alpha level of 0.05. This included fish movement between sections (lower, middle,
upper) of the study site, and also fish movement between habitat types (riffles, runs,
pools).
RESULTS
From initial release point to the last known location of tagged fish, 11 brook trout
(45.8 %) moved upstream (mean 95 ± 26 m, range 5 – 247 m), and six (25.0 %) moved
downstream (mean 105 ± 71 m, range 2 – 455 m). Nine tags (37.5 %) were not located.
Six of the nine lost tags were not observed after initial release, the other three were
detected only once. Lost tags were assumed to have left the sampling site (Figure 4.1).
The results suggest an initial movement by fish following tagging, followed by
smaller movement patterns. From initial tagging to the next sampling period, 14 fish
(82%) travelled greater than 20 meters (25 – 455 m) from release point, whereas 3 fish
(18%) travelled less than 20 meters (2 – 12 m) from release point. From the second
sampling through the remainder of the telemetry study, nine fish (82%) remained within
20 meters of the original signal acquisition site, whereas two fish (18%) showed
movement of greater than 20 meters (22 and 30 m). Tagged fish that could not be located
were not included in this movement data. These ‘lost’ tags may have left the system or
lost battery life.
During initial release, brook trout were released into the lower (4), middle (12),
and upper (8) section of the study area. Subsequent sampling observations recorded
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brook trout in the lower (2), middle (9) and upper (6) sections of the stream. Analysis
suggests that brook trout did not show a significant movement pattern (p = 0.862, x2 =
0.191) into or out of a particular section of stream because there was no difference in the
proportion of fish in the sections compared to release.
Also, initially tagged fish were released in the following habitats: riffles (9), runs
(13) and pools (2). Subsequent sampling observed fish in the following habitats: riffles
(4), runs (23), and pools (0). A significant shift (p = 0.004, x2 = 1.559) between habitat
types occurred, with the re-distribution of fish into the run habitats out of both riffles and
pools.
DISCUSSION
Following initial tagging, brook trout moved greater distances during the first two
weeks (generally early November – late November) than the following two months of the
study (late November - early February). This pattern is consistent with fish seeking
preferred over-wintering habitat, as late fall has been shown to be a time of greater
movement by brook trout, especially following the spawning season (Curry et al. 2001;
Cunjak 1996). From personal observations, fish in Sevenmile Creek have been observed
in spawning behavior during late October. It is also possible that the handling and tag
insertion induced greater, stress-induced movement.
It was predicted that brook trout would show movement into the upper section of
Sevenmile Creek, where beaver ponds, and pool habitats, were more prevalent. The
results did not support this prediction, potentially indicating suitable habitat present in the
other sections of the study site. This was interesting as studies have shown brook trout,
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and other salmonids, showing high preference for beaver-influenced areas of streams
during winter, where low-velocity, deeper water exists (Cunjak 1996; Petays et al. 1997;
Whalen et al. 1999).
It was also predicted that brook trout would seek refuge in pool habitats following
initial tagging, where these fish would spend much of the winter season. The results
suggested that fish overwhelmingly preferred the run habitats, whereas no fish were
detected in pool habitats following release. Interestingly, run habitats in Sevenmile
Creek were more variable (less stable) during the winter months than riffle or pool
habitats (Chapter 2), as water velocity and depth fluctuated during these winter months.
As other studies have indicated, brook trout in Sevenmile Creek have shown
greater movement during the transition from spawning behavior into the winter months.
However, unlike other studies, brook trout in Sevenmile Creek did not exhibit the
preference for pool habitats in beaver-influenced areas of the stream. For unknown
reasons, pools may not be the preferred habitat in Sevenmile Creek, possibly suggesting
preferred micro-habitats in the run habitats, such as woody debris or other in-stream
structure that may alter velocity to the preference of brook trout.
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Figure 4.1. Movement of individual brook trout following initial tagging of radio tags.
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CHAPTER 5: CONCLUSIONS

Winter brook trout studies have been relatively few, compared to summer, but
will most likely be more common due to the impact of climate change (Annear et al.
2002). My results included findings that were similar to previous research, as well as
data that was not expected and different from previous winter studies.
Fish condition in Sevenmile Creek was similar to other salmonid studies, as
condition decreased throughout winter, followed by a sharp increase in spring for both
size-class brook trout. Sub-100 mm and 100+ mm fish showed differences in condition
factors, as different size fish have shown differing growth patterns. My results showed
that brook trout (same size class) had similar condition factors between winters, which
was surprising, as the winter of 2008-2009 included a much higher presence of ice cover,
which some studies have indicated are detrimental to fish, although some have argued a
lengthier ice cover creates a more stable habitat (Cunjak and Power 1986; Lindstrom
2004; Milhous 2002). Although no significant variation in fish condition existed within
the winters, brook trout condition sharply increased one month earlier during the early
spring of winter two for both size-class fish. It is possible that a prolonged winter, and
thus a lengthier time at near-minimum fish conditions, could lead to slower development
during the summer months, which may affect reproductive success by the production of
weaker / fewer gametes.
My results showed no evidence that brook trout preferred pool habitats in
Sevenmile Creek, or that fish in the upper sections of the study site (beaver-influenced
area) were healthier (higher fish condition). In fact, brook trout had a high preference for
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run habitats. Run habitats were shown to be the least stable of the habitats, as both water
velocity and depth fluctuated throughout the winter months. In general, all three habitat
types (riffles, runs and pools) were relatively stable during the summer months, as water
velocity and depth did not fluctuate significantly, but all three showed evidence of
instability during the winter months with regard to water velocity and depth, as well as
the formation of ice.
Ice can increase movements of salmonids during winter months (Lindstrom and
Hubert 2004; Jakober et al 1998). In Sevenmile Creek, ice formation affected by water
velocity, depth and temperature in pools and water depth and temperature in run habitats.
However, in the riffle habitats, velocity was shown to have the main affect on the
formation of surface ice. Ice formation in riffles has been shown to increase the amount
of frazil ice, which has also been shown to increase anchor ice, and both are known to
have negative impacts on fish (Lindstrom and Hubert 2004). Although frazil and anchor
ice did not occur near my habitat transects, both occurred in the lower reaches of the
stream (reaches 0 and 1). Where this ice did occur, most of the bottom substrate
(primarily gravel) was covered. Ice dams were not directly observed in Sevenmile Creek;
however, large ice shelves were observed, typically upstream of log jams, and formed up
to approximately 1.5 meters above the water level. Stream characteristics such as
channel width, water depth and thalwag reformation likely occurred below the ice dams
when water surged downstream following break-up of the dam. This is an area that needs
future work to investigate the importance of these structures.
Studies have shown a varying degree of brook trout movement throughout the
year, typically increased movement in the fall and spring season (Curry et al. 2002;
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Krimmer et al. 2011). My results supported a fall movement (post-spawning) as a higher
percentage of fish re-located during the late-October / early-November time period. A
lesser movement of brook trout was detected through mid-February.
Studies suggest that brook trout prefer low-velocity habitat with cover during
winter, reducing energetic costs, with preference to re-locate as little as possible during
this time period. My results suggest winter is a challenging season for brook trout in
Sevenmile Creek, as habitat is less suitable than that of summer months and available
prey is at lowest levels of the year. The decline in brook trout condition throughout the
winter months is evidence of this environment. Winter salmonid studies should continue
in the future as growing concerns of climate change and its effect on the aquatic
environment are increasing. As winter studies are becoming more common, a better
understanding of stream dynamics during the winter months may lead to more informed
decisions in the introduction of fish species, or the restoration of native populations.
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